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Vaccines against Toxoplasma gondii

Status, challenges and future directions
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Txoplasma gondii is a ubiquitous pro-
tozoan parasite that can infect a wide
range of animals including humans.
This single known species in the genus
Toxoplasma is considered as one of the
most successful eukaryotic pathogens
which is of major medical and veterinary
importance. Effective vaccines may con-
tribute toward preventing and control-
ling the spread of toxoplasmosis. The
present communication addresses the
current status of development of vaccines
against 1. gondii. Further discussion is
made on the difficulties along with chal-
lenges, such as vaccine construct, mode of
vaccine administration and standardiza-
tion of immunization evaluation. Finally
suggestions are made on possible direc-
tions for future research on the develop-
ment of vaccines against 7. gondii.

Introduction

It has been more than 100 years since
Toxoplasma gondiiwas first described in the
tissues of an african rodent, Ctenodactylus
gundi by Nicolle and Manceaux.! 7. gon-
dii has a complex life cycle consisting of
a sexual cycle in its feline definitive hosts
and an asexual cycle in its intermediate
hosts.! There are three functionally dis-
tinct pathogenic forms, sporozoites (in
oocysts), tachyzoites and bradyzoites (in
tissue cysts). Intermediate hosts, including
humans, can be exposed to and infected
with 7. gondii via tissue-cyst ingestion
(carnivorism), oocyst ingestion (fecal-
oral route) and congenital (transplacen-
tal) infection. As an obligate intracellular
apicomplexan protozoan, 7. gondii can
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infect virtually all warm-blooded animals,
including mammals and birds. The para-
site is ubiquitous throughout the world
and is estimated to infect approximately
half of the world’s population. Infection
can result in encephalitis in immunocom-
pormised hosts, chorioretinitis in immu-
nocompetent hosts or serious congenital
disease in developing fetus if pregnant
women become infected for the first time
during pregnancy.? In addition, infection
in domestic animals is a threat to public
health from food-borne outbreaks and
causes a great economic loss as it may lead
to abortion, stillbirth and neonatal loss.?
Therefore, toxoplasmosis is of great medi-
cal and veterinary importance. Treatment
of this disease is difficult since the available
drugs have severe side effects and reactiva-
tion may occur at any time.>* Under the
present scenario, therefore, developing an
effective vaccine against 7. gondii infec-
tion is the need of the hour.

At present, only one commercial vac-
cine “Toxovax” based on live attenu-
ated S48 strain has been licensed for use
to avoid congenital infection in ewes.’
However, this vaccine is expensive, causes
adverse effects, and has a short shelf-life.
Furthermore, this vaccine may revert to
a pathogenic strain and therefore it is not
suitable for human use.® There is currently
no licensed vaccine available for humans.

In order to address this problem,
numerous vaccination trials against toxo-
plasmosis have been performed for their
immunological effects in animal models,
including inactivated and attenuated vac-
cine, subunit vaccine, genetically engi-
neered vaccine and DNA vaccine. The
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results have shown that it may be possible
to develop an effective vaccine against
toxoplasmosis.

Current Developments and
Challenges in the Production of
Vaccines against T. gondii

In recent years, tremendous progress has
been made to search for a vaccine that
can help prevent toxoplasmosis, but there
is still a little to offer against this ubiqui-
tous pathogen. Problems encountered in
the research for the development of vac-
cine against 7. gondii have been discussed
below.

Inactivated, killed and crude antigen
vaccines of 7. gondii, can probably not
be sufficiently efficacious in any of the
infection models used.® In contrast, live-
attenuated vaccines are capable of mobiliz-
ing a MHC class I-restricted CD8+ T-cell
response, which has been considered the
major response required to clear intra-
cellular infections caused by parasites,
and generally elicit similar protection
to natural primary infection.® However,
the immunogenicity of live vaccines
can be significantly influenced by their
degrees of attenuation, and the applica-
tion of these vaccines has been relatively
restricted without a reasonable shelf-life.
There are also theoretical safety concerns
as attenuated vaccines carry the risk of
reverting to a pathogenic strain.” Subunit
vaccines tend to lack immunogenicity
and therefore require the use of appropri-
ate adjuvants to enhance their potency.
Additionally, subunit vaccines could cause
an allergic reaction in the individuals
since the protein or the protein subunit
expressed within another organism such
as bacteria or yeast. DNA vaccines have
some distinct advantages compared with
traditional vaccines in that they can elicit
cellular and humoral immune responses
against toxoplasmosis. The CD8* T cell
response induced by DNA vaccine is the
major mediator of immunity against 7
gondii infection which makes it a prom-
ising approach against intracellular para-
sites.® However, it has been recognized
that DNA vaccines generate only weak
immune responses when used in higher
primates and humans. Various efforts
have been made to improve DNA vaccine
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potency, for example, using various DNA
delivery systems such as electroporation
and a gene gun approach, modifying
the microenvironment of the vaccina-
tion site via co-expression of cytokines,
chemokines, co-stimulatory molecules as
molecular adjuvants, optimizing codon
to maximize protein expression and using
heterologous prime-boost strategy.®*

Factors Restricting the
Development of T. gondii Vaccine

Lack of efficacious protective antigen
candidates. Due to complex life cycle
involving multiple hosts with diversity
of protein forms to express and variety
of invasion pathways, 7. gondii exhibits
a very high degree of antigenic polymor-
phism and variability. Although several
candidate antigens have been identified
in the past few years, the ones capable of
inducing a strong and long-lasting pro-
tective immunity are limited. Therefore,
selection of target antigens is a crucial step
to design effective vaccines and work has
focused on identifying antigens essential
for parasite survival in the host or that
are recognized by protective antibod-
ies or T cells.? In addition, accumulating
evidences indicate that vaccination with
stage-specific antigens leads to stage-lim-
ited protection against 7. gondii."® Thus, it
is essential to develop multiantigenic vac-
cines in connection with different growth
stages in the life cycle in order to conquer
the deficiency of using single antigen as
vaccine candidate.

To date, we still have to evaluate vac-
cine efficacy without a clear knowledge
of how it works. This often leads to wast-
age of the limited funds available for 7
gondii vaccine study. Additionally, a very
common model employed in vaccine
development is the mouse, yet its immune
system is known to differ quite radically
from humans." While some vaccines have
shown fascinating results in animal mod-
els, it is difficult to extend the findings to
predict the outcome of using such a vac-
cine approach in humans.

Lack of detailed understanding of
pathogenic, immune and host cell inva-
sion mechanisms. Due to more compli-
cated biological characteristics, a variety
of invasion pathways and mechanisms to
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evade host immune responses, develop-
ment of an effective vaccine against 7
gondii appears to be more difficult than
general bacterial or viral infections. As 7
gondii is an obligate intracellular parasite,
cellular immunity has been considered the
major response to eliminate the parasite
within the host, yet humoral immunicy
also plays an important role in shaping
the immune responses.’? However, immu-
nity to 7. gondii is complex, and involves
many facets of the immune system, and
our understanding of the immune mecha-
nism as well as pathogenesis and host cell
invasion mechanisms remain incomplete.
While these are lacking, vaccine develop-
ment is considerably more problematic,
and is likely to lose direction, and also
cannot tailor ideal vaccine against 7. gon-
dii. For example, cytokines secreted in
the immune response to 7. gondii include
upregulated factors (IFNv, IL-2, TNFaq,
IL-1, IL-7, IL-12, IL-15) and downregu-
lated factors (IL-4, IL-6, IL-10). Only
when certain balance between high
expression of upregulated ones and low
expression of downregulated ones is
achieved, can 7. gondii not evade the host
immune response.'*"* Furthermore, the
protective immunity exhibited in ani-
mal models may differ considerably from
humans. Thus, the current researches are
filled with blindness.

Insufficient advanced research tech-
niques and theories of immunology or
vaccinology. Many genetically engineered
recombinant proteins extracted from
inclusion bodies are mostly denatured
ones which lack of necessary functional
groups. It brings disillusionary conse-
quence that while the immune antibody
titer is high, the immune protection is very
low. Moreover, there is no selectivity when
referring to the advanced technologies,
especially in the research of genetically
engineered vaccines. Many researchers
still hold the partial opinion that geneti-
cally engineered recombinant vaccine
(especially recombinant DNA plasmid) is
the only direction of vaccine development.
Additionally each vaccine candidate has to
be investigated in animal models.

Can DNA vaccines fulfill their prom-
ise? DNA vaccines have opened up a
promising approach against toxoplas-
mosis as they showed more prominent

Volume 8 Issue 10

Do not distribute.

I0Science.

©2012 Landes B



advantages over traditional vaccines in
terms of flexibility, rapid manufacture,
low cost and ability to induce cellular and
humoral immunity. Nevertheless, there
are ongoing challenges calling for fur-
ther research advances for development of
DNA vaccines against 7. gondii.

Biosafety of DNA vaccines. The
core issue for DNA vaccine is safety. As
an exogenous material, DNA vaccines
have the possibility to integrate partial or
complete plasmid sequences into the host
genome, causing insertion mutations with
activation of oncogenes or inactivation
of tumor suppressor genes.”” The situa-
tion may be much worse if plasmid DNA
spread to the reproductive cells and inte-
gration occurs. Fortunately, experimental
data have shown that the rate of plasmid
integration is negligible and lower than the
spontaneous rate of mutation in mamma-
lian genomes." In addition, to date a large
sample of PCR detection has not observed
plasmid integration into the host genome.
It could be argued, therefore, DNA vac-
cines are considered to be safe for now.

Immune tolerance and allergy prob-
lems of DNA vaccines. Another safety
issue includes the possibility that DNA
vaccines could elicit immune tolerance
and allergic reaction. Fortunately, data
that
rarely occurs except for newborns admin-
istered with DNA vaccines."” Additionally,
DNA vaccines could increase the produc-
tion of anti-DNA autoantibodies but did
not increase disease severity in lupus-
prone animals nor induce autoimmunity
in healthy animals."” The presence of anti-
DNA autoantibodies is a characteristic
feature of systemic autoimmune diseases
such as systemic lupus erythematosus
(SLE). However, early studies showed that
anti-DNA autoantibodies elicited after
DNA inoculation could not trigger auto-
immune disorders, which appears to be
due to the micro skeleton of plasmid, little
dose of injection and weak immunogenic-
ity of DNA.S

The efficacy of DNA vaccines.
Suboptimal immunogenicity is an ongo-
ing barrier for DNA vaccines. The higher is
the group of the experimental animal spe-

have revealed immune tolerance

cies, the weaker are the immune responses
to DNA vaccines generated. Genetic dif-
ferences between species may be one of the
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reasons for the detailed mechanisms sup-
posed to be explored. It is in urgent need
to address the poor immunogenicity when
used in higher primates and humans for
the application of DNA vaccines.

Further research advances are required
to better understand DNA vaccine action
such as the expression and regulation of
antigen genes after injecting the combined
plasmid into the body. It is encouraging
that several DNA vaccines have already
been licensed for veterinary applications
including West Nile virus in horses, infec-
tious hematopoietic necrosis factor dis-
ease in salmon and melanoma in dogs."”
Simultaneously, DNA vaccines for AIDS,
malaria, hepatitis B and some cancers are
now in clinical trials and could be avail-
able in the near future.” All these facts
reinforce the view that with recent tech-
nology breakthroughs, effective human
DNA vaccines against 7. gondii may
finally deliver on their potential.

Directions for Future Research

Future studies should focus on devising
effective vaccines, to select target antigens
and then present them to the immune
system via an optimal delivery strat-
egy to stimulate appropriate protective
immunity. The major challenge still lies
in the lack of efficacious vaccine antigen
candidates. Dramatically, antigen selec-
tion methods have altered in the post-
genomic era, with the development of
bioinformatics, genomics and proteomics,
which may seek more novel and effective
vaccine candidates. Moreover vaccines
against toxoplasmosis should have differ-
ent antigens expressed in all stages of the
parasite associated with adequate adjuvant
and appropriate delivery strategy. There is
an increasing awareness that selection of
the vaccine candidates, selection of the
adjuvants and choice of delivery methods
is of the same importance. As an indis-
pensable part of vaccine, adjuvant plays
a critical role in enhancing immunoge-
nicity of weaker antigen and activating
an appropriate immune response safely
without multiple dose regimens. Many
adjuvants have been licensed and used for
years although the mechanism of adjuvant
action is still unclear.”® Further research
should consider the mode of action for
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traditional adjuvants and the develop-
ment of new adjuvants based on pattern
recognition receptors (PRRs), such as the
TLRs, NOD-like receptors and C-type
lectin receptors.”

Future studies should address the issues
of standardizing immunization protocol
and evaluation criteria. Regardless of the
vaccine constructs, many parameters such
as the parasite strain, the dose of inocu-
lum, the inoculation route and the mouse
strain, might hinder the assessment of pro-
tective immunity.?’ Our previous works in
T. gondii protein vaccine or DNA vaccine
show that the major limitation of the lack
of a full evaluation of vaccines is probably
due to an inappropriate challenge pro-
tocol.??? As one review reveals, vaccine
studies should focus on standardizing the
immunization protocol and comparing
the immunogenicity of a fixed antigen
delivered with different vectors and adju-
vants in order to solve the complex puzzle
of the 7 gondii vaccine.*

Future studies should not ignore the
mechanisms of pathogenic, immune and
host cell invasion associated with 7. gon-
dii as well as vaccine action against toxo-
plasmosis. With the increasing progress of
molecular biology and immunology and
delivery system techniques, molecular
vaccines against 7. gondii is bound to be
a major breakthrough. Particularly, the
application of genomics and proteomics
in 7. gondii not only clarifies the profiles
of the parasite and its protein function,
but also provide some novel and effective
broad-spectrum targets for drugs and vac-
cines against 7. gondii.*®

In summary, 7. gondii is a highly
successful parasitic organism that is able
to infect and live within a very wide
range of different animal hosts. In most
immunocompetent individuals, infection
with 7. gondii results in development
of protective immune response against
the disease. In addition, chronically
infected women can exhibit a degree of
immunity normally sufficient to protect
their fetus from congenital infection
even if re-exposed during pregnancy.®!
These evidences therefore would suggest
that vaccine against toxoplasmosis has
a high likelihood of success. Although
there is currently no licensed 7. gondii
vaccine available for human, we must

1307

Do not distribute.

I0Science.

©2012 Landes B



remain optimistic that it will be possible
to develop an effective and safe vaccine
against toxoplasmosis for animals and
humans.
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